Transition metal compounds often undergo spin-charge-orbital ordering due to strong electron-electron correlations. In contrast, low-dimensional materials can exhibit a Peierls transition arising from low-energy electron-phonon-coupling-induced structural instabilities. We study the electronic structure of the tunnel framework compound K 2 Cr 8 O 16 , which exhibits a temperature-dependent (T-dependent) paramagnetic-toferromagnetic-metal transition at T C ¼ 180 K and transforms into a ferromagnetic insulator below T MI ¼ 95 K. We observe clear T-dependent dynamic valence (charge) fluctuations from above T C to T MI , which effectively get pinned to an average nominal valence of Cr þ3.75 (Cr 4þ ∶Cr 3þ states in a 3∶1 ratio) in the ferromagnetic-insulating phase. High-resolution laser photoemission shows a T-dependent BCS-type energy gap, with 2Gð0Þ ∼ 3.5ðk B T MI Þ ∼ 35 meV. First-principles band-structure calculations, using the experimentally estimated on-site Coulomb energy of U ∼ 4 eV, establish the necessity of strong correlations and finite structural distortions for driving the metal-insulator transition. In spite of the strong correlations, the nonintegral occupancy (2.25 d-electrons=Cr) and the half-metallic ferromagnetism in the t 2g up-spin band favor a low-energy Peierls metal-insulator transition.
I. INTRODUCTION
The electron-correlation-driven metal-to-insulator transition (MIT) remains a central problem in condensedmatter physics. A great deal of our understanding of MITs is based on the concepts of the Mott transition and the Hubbard model [1, 2] . V 2 O 3 is considered to be the best realization of Mott-Hubbard physics, with a first-order transition from a paramagnetic metal to an antiferromagnetic (AFM) insulator [3] . However, recent studies have highlighted a ferromagnetic (FM)-insulating ground state in some strongly correlated transition-metal compounds.
Prominent examples include La 2 NiMnO 6 [4] [5] [6] , strained films of SrVO 3 [7] , and Cr-doped VO 2 [8] . The discovery of a FM-metal-to-FM-insulator transition in K 2 Cr 8 O 16 [9] provides a novel and unique case to study the role of strong correlations coupled to a Peierls transition while maintaining FM spin order. K 2 Cr 8 O 16 is a paramagnetic metal at room temperature, which transforms to a FM metal below T C ¼ 180 K [9] . The MIT takes place at a lower temperature, T MI ¼ 95 K, while retaining the FM order. While the rise in electrical resistivity below 95 K indicated a MIT, a simple activation energy could not be extracted from the resistivity data. The FM-insulating state showed a large saturation magnetization with an effective magnetic moment of 17.7 μ B =8Cr. This value of the magnetic moment can be viewed to arise from a mixture of formally Cr 4þ and Cr 3þ states in a 3∶1 ratio (average valency Cr 3.75 ; 2.25 d-electrons=Cr), consistent with its chemical formula [9] . Interestingly, no hysteresis was observed in the T dependence of resistivity, suggesting inapplicability of a first-order transition [9] . First-principles electronic structure calculations using the generalized gradient approximation (GGA) predicted the formation of an incommensurate long-wavelength charge density wave (CDW) caused by Fermi-surface nesting in a half-metallic system, which could lead to a gap formation in the majority spin band of Cr 3d states [10] . The FM order in this case arises from a double-exchange-type mechanism. In contrast, GGA þ U (where U is the on-site Coulomb energy) calculations predicted a weak charge disproportionation and an insulating ground state induced by U, but with a polaronic distortion of the crystal structure [11] . Here, it is clarified that the charge disproportionation corresponds to different occupancies of the majority spin states, which are suitably compensated by the different occupancies of the minority spin states, while the net charge essentially changes by only a very small fraction, typically 0.05-0.10 d-electron count. These changes support a weak charge disproportionation and is very similar to results known for the manganites [12, 13] . A recent firstprinciples study on transition-metal compounds (including titanates, manganites, and ferrites) showed that if the system is strongly hybridized, then a formal change of the oxidation state is compensated by a lowering of the ligand energy states. In such a situation, doping leads to ligand-character holes and a very small change in delectron count [14] . Recent synchrotron-radiation-based diffraction studies have indeed detected the presence of weak superstructure reflections below 95 K that gradually grew in intensity with decreasing temperature T, indicative of a second-order Peierls transition [15, 16] . Based on GGA þ U calculations, it was proposed that K 2 Cr 8 O 16 undergoes a quasi-1D "pure" Peierls instability of fully spin-polarized electrons at the Fermi level (E F ), giving rise to a MIT where electron correlations essentially play no role [15] . In contrast, a very recent GGA þ U study has claimed that K 2 Cr 8 O 16 exhibits a Mott-Peierls transition [17] . However, it is noted that a Mott-Peierls transition is expected to show spectral changes in the 3d density of states (DOS) over large energy scales of the order of the on-site Coulomb energy U, as is well known from the case of VO 2 [18] [19] [20] . We experimentally answer this question in the present work. In this context, it is also important to clarify the terminology used in the literature: A "Mott-Peierls transition" is also called a "correlation-assisted Peierls transition"; i.e., the emphasis is on the Peierls transition [17] [18] [19] [20] . This is different from the term "Peierls-Mott transition," which is used to describe a "Peierls-assisted orbital-selective Mott transition" with the emphasis on the Mott transition [21] . The difference is characterized by the low-frequency behavior of the on-site component of the selfenergy, which is linear for the Mott-Peierls case and diverges for the Peierls-Mott case [18, 21] .
The original Peierls transition arising from a structural distortion in a quasi-1D metal involves the development of a T-dependent superstructure, i.e., a periodic modulation of the charge density [22, 23] . The Peierls transition leads to the formation of a Bardeen-Cooper-Schrieffer (BCS)-like T-dependent low-energy scale gap given by 2Gð0Þ ¼ 3.5ðk B T MI Þ [23] [24] [25] . In contrast, it is known that the isostructural K 2 V 8 O 16 [26] undergoes a first-order MIT at 170 K with the possible formation of V 4þ -V 4þ and V 3þ -V 3þ pairs in the low-T insulating phase. Also, Rb 2 V 8 O 16 undergoes a MIT with a discontinuity in resistivity indicating a first-order transition [27] . In this context, it is important to address the role of crystal structure in these materials. These materials exhibit the hollandite structure and are characterized by a tunnel framework structure, as shown in Fig. 1 . With the general formula A 2 M 8 O 16 (M-transition metal), the MO 6 octahedral units form edge-sharing double chains, and four such chains are linked at the corners to form large tunnels running along the c axis. The A-cation sits in the hollows of these tunnels. An unusual hybridization between the transition metal 3d and oxygen 2p states may be expected because of the presence of both edge-sharing and cornersharing MO 6 octahedra, leading to an electronic structure that gives rise to unique properties [9] [10] [11] 15] . From a detailed study [16] [9, 15] . In view of the complex behavior emerging from earlier studies and still being debated, we felt it important to carry out spectroscopic studies of K 2 Cr 8 O 16 and compare them with first-principles band-structure calculations in order to characterize its experimental electronic structure. In particular, we examine the evolution of the electronic structure as it transforms from a paramagnetic metal to a FM metal phase, and then into a FM insulator in K 2 Cr 8 O 16 . We report a combination of hard x-ray, soft x-ray and laser photoemission spectroscopy (PES), x-ray absorption spectroscopy (XAS), as well as GGA þ U and parametrized Hartee-Fock ðHFÞ þ U calculations for K 2 Cr 8 O 16 . Resonant PES (res-PES) is used to identify the Cr 3d character partial DOS at the Fermi level (E F ). Res-PES also shows the presence of a Cr 3d two-hole satellite and provides an estimate of U ∼ 4.2 eV, consistent with the value of U extracted from a constrained random-phaseapproximation (RPA) approach [28] [29] [30] [31] . Hard x-ray PES (HAXPES) [32, 33] shows a T-dependent valence evolution at high T which stops changing in the Peierls-insulating phase. Laser-PES [34] shows a T-dependent opening of the gap, which is consistent with a BCS-type transition and rules out a Mott-Peierls transition. While the obtained large U causes a considerable depletion of Cr 3d character states at E F , it is not the sole factor to drive the system into the insulating phase. Our GGA þ U and HF þ U calculations prove that a small local structural distortion, in addition to large U, is necessary to drive K 2 Cr 8 O 16 into the FMinsulating phase. In the absence of structural distortions, GGA þ U calculations indicate a metallic state at least up to a U of 4 eV. The results indicate that strong correlations set up the large-energy-scale electronic structure, while the structural distortion causes a weak-coupling BCS-like transition within about 35 meV of E F in K 2 Cr 8 O 16 .
II. EXPERIMENTAL DETAILS
Polycrystalline K 2 Cr 8 O 16 used in the present study was prepared by a high-pressure synthesis and characterized for its crystal structure, electrical, and magnetic properties, as was reported in Ref. [9] . HAXPES measurements were carried out at beamline BL29XU, SPring-8 using an incident photon energy of hν ¼ 7935 eV and a spectrometer [32, 33] equipped with a R-4000-10 kV VG-Scienta analyzer. The total energy resolution was set to 225 meV for the HAXPES measurements. The soft x-ray PES was performed at BL17SU, at SPring-8 using a GammadataScienta SES2002 hemispherical electron analyzer set to the total energy resolution of 200 meV. XAS was recorded in the total electron yield mode. Laser PES was performed using the R4000WAL electron analyzer and a vacuumultraviolet laser (hν ¼ 6.994 eV, ΔE ¼ 5 meV at 10 K) [34] at ISSP, University of Tokyo. All measurements were carried out in vacuum below 4 × 10 −8 Pa, and clean sample surfaces were obtained by cleaving in situ at low T. The spectra were calibrated using the E F measured from a gold film evaporated onto the sample holder. T-dependent measurements were carried out using a liquid He flowtype cryostat and were checked for reproducibility on T cycling.
III. RESULTS AND DISCUSSIONS
A. Valence-band photoemission Figure 2 (a) presents the valence-band (VB) spectrum of K 2 Cr 8 O 16 at 20 K (insulating phase) and 140 K (metallic phase) obtained using soft x rays (hν ¼ 1200 eV). The spectrum shows a peak located at 1.2 eV binding energy (BE) and broad features at 4-8 eV BE. On comparing with known band-structure calculations [10, 11] , the feature at 1.2 eV BE is assigned to Cr 3d states, while the broad features at about 4-8 eV BE are dominantly O 2p states. We confirm the Cr 3d orbital-selective partial DOS by VB res-PES across the Cr 2p − 3d (L-edge) absorption threshold. These spectra are presented in Fig. 2(c) , and the actual incident photon energies are indicated by tick marks on the Cr L 3 XAS curve shown in the inset. Accordingly, Fig. 2(b) shows the VB spectrum obtained on resonance (hν ¼ 578.05 eV), and the remarkable increase in the intensity of the 1.2-eV peak confirms its Cr 3d character. The tail of this Cr 3d peak reaches E F (see Fig. 2 ), indicating a highly reduced DOS at E F in GGA þ U calculations [11] compared to GGA calculations [10] , but it undergoes a metal-to-insulator transition with a small energy gap (about 35 meV) only in the presence of strong correlations and a structural distortion, as discussed in detail later. Interestingly, as seen in Figs. 2(a) and 2(b) , the Cr 3d states show negligible changes between 20 K (insulating phase) and 140 K (metallic phase) on the energy scale of about 1-2 eV, indicating a clear difference with the behavior known for VO 2 , a prototypical Mott-Peierls system [18] [19] [20] .
As the excitation energy is increased from A to D, the intensity of a feature at about 6 eV BE gets enhanced along with the Cr 3d main peak, as shown in Fig. 2(c) . This satellite feature evolves into an Auger feature (LVV Auger ) at higher excitation energies, and it tracks the photon energy, as indicated by a dotted line. In such a situation, U can be estimated by the equation U ¼ E 2p − ½hν − BE Auger − 2ϵ 3d , where E 2p corresponds to the BE of the Cr 2p main peak, hν is the incident photon energy, and BE Auger is the BE of the corresponding Auger peak. Here, 2ϵ 3d is the average energy of two uncorrelated holes, obtained from the selfconvolution of the one-electron removal Cr 3d main peak. We estimate U ∼ 4.2 eV using the experimental values of ½hν − BE Auger ∼ 567.9 eV, 2ϵ 3d ¼ 2.4 eV, and E 2p ¼ 574.5 eV obtained from Cr 2p core-level PES (see Ref. [35] , Fig. S5) . A similar analysis has been carried out for Cr metal [36] , Cr silicide [37] , CrN [38] , and CaCrO 3 [39] , indicating comparable values of U. We have self-consistently calculated the Hubbard U and Hund exchange J values by employing the constrained RPA approach [28] within the full-potential linearized augmented plane-wave (FLAPW) method [29] using Wannier functions [30, 31] . The obtained U and J values for localized Cr 3d orbitals are 3.4 eV and 0.66 eV, respectively.
B. First-principles band-structure calculations
In order to elucidate the role of a large U on the electronic structure of K 2 Cr 8 O 16 , we have carried out first-principles band-structure calculations using the GGA þ U and HF þ U methods (see Ref. [35] , Method 1 for details). We first carried out GGA þ U calculations within a plane-wave-projected augmented-wave implementation of density functional theory within VASP [40, 41] . The experimental crystal structure [16] showing the tetramerization (Ref. [35] , Fig. S1 ) has been considered, and the internal coordinates have been optimized using a U of 4 eV. A k-points mesh of 4 × 4 × 16 points was used and found to be adequate, as increasing the number of k-points to 6 × 6 × 18 changed the total energy by less than 1 meV per formula unit. A plane-wave cutoff of 400 eV was used for the calculations. The results of GGA þ U calculations carried out with U set to 4 eV, as estimated from the res-PES analysis, are shown in Fig. 3 for the obtained spin and atom-projected DOS. The results of Fig. 3(a) , obtained for the high-temperature experimental crystal structure [9, 15, 16] , correctly indicate a metallic phase. On introducing a structural distortion, as obtained for the low-temperature structure indicative of tetramerization with a ffiffi ffi 2 p a × ffiffi ffi 2 p a × c unit cell [15, 16] , or a symmetrybreaking polaronic distortion within the a × a × c unit cell of the metal phase, an insulating gap opens up within the t 2g manifold of the DOS. The calculated DOS in the metallic and insulating phases [ Figs. 3(a) and 3(b) , respectively] are quite similar to recent GGA þ U calculations with U ¼ 3 eV [15, 17] . As is also observed in experimental VB spectra, the VB features of the calculated DOS seem very similar in the two phases, and no major changes are seen over large energy scales [ Figs. 2(a) and 2(b) ]. Moreover, the Cr 3d partial DOS convoluted with a Gaussian function (corresponding to the experimental resolution) shows an excellent match with the on-resonance VB spectrum presented in Fig. 2(b) . Similarly, the unoccupied Cr 3d and O p character states measured using XAS are in fair agreement with the calculations (see Ref. [35] , Discussion 1).
We have also confirmed that structural distortions alone, with U ¼ 0, do not lead to an insulating ground state. Thus, inclusion of a structural distortion in the presence of large U is crucial for gap formation and MIT in K 2 Cr 8 O 16 . Hence, to gain further insight into the mechanism of MIT in K 2 Cr 8 O 16 , we performed calculations for different U values in the range of 2-4 eV. Since the underlying electronic interaction strengths cannot be kept fixed as U is varied in GGA þ U calculations, we supplemented the GGA þ U results with those from parametrized HF þ U calculations. Figure 3(c) shows the obtained band-gap values as a function of U for the GGA þ U and HF þ U calculations. The calculations were carried out for the tetramerized structure with and without polaronic distortions (see Ref. [35] , Figs. S1 and S2), and the results are summarized in Fig. 3(c) . The GGA þ U results indicate that the gap sets in at about U ∼ 2 eV for both types of distortions and gradually increases as a function of U. The gaps are always smaller for the tetramerized structure compared to the tetramerized structure with polaronic distortions. This trend is also seen in the HF þ U calculations. The energy stability was calculated in each case, and the tetramerized state was found to be the ground state above a U of 3 eV. We also carried out calculations as a function of the magnitude of the distortion (see Ref. [35] , Method 1). The results are shown in Fig. S3 of Ref. [35] and indicate that the band gap depends on the magnitude of distortion.
C. Core-level spectra
Figure 4(a) shows the Cr 1s core-level spectra obtained at T ¼ 20, 80, 150, and 250 K, using HAXPES (hν ¼ 7935 eV), which is a bulk sensitive probe of the electronic structure [42] . The spectral shapes systematically evolve with temperature. At T ¼ 20 K, as shown in Fig. 4(b) , the Cr 1s spectrum shows a main peak at 5989.5 eV and a shoulder structure at 5990.9 eV. In addition, weak features are seen at 5995-and 6001.5-eV binding energies. The T ¼ 20 K spectrum could be simulated by using the Cr 4þ and Cr 3þ spectra [ Fig. 4 L-edge XAS spectra in the ratio 3∶1, confirming the nominal valence of Cr þ3.75 (see Ref. [35] , Discussion 1). When increasing T, the spectra show a systematic broadening on the higher binding energy side of the main peak, and the shoulder and main peak merge to become a broad asymmetric peak. This behavior is in contrast to typical charge ordering or CDW transitions for which one usually obtains a narrow peak shape in the high-T metallic phase that becomes broader in the low-T insulating phase. In fact, canonical CDW systems show a T-dependent splitting, which increases when decreasing T [43] . The T ¼ 20-K spectrum can be synthesized using the Cr 4þ and Cr 3þ spectra calculated using a cluster model and added in a ratio of 3∶1, representing the average valency.
Instead, the present spectra show a narrower width in the low-temperature Peierls insulating phase. As shown in the lower part of Fig. 4(a) , the difference spectra plotted with respect to the 20-K spectrum show systematic changes on going from 250 K to 150 K and also from 150 K to 80 K. Surprisingly, the spectra show negligible change from 80 K to 20 K. This indicates that the dynamic valence evolution occurring at high T stops changing as a function of T and gets pinned to an average value of Cr þ3.75 in the ferromagnetic-insulating phase. In terms of the dynamic valence fluctuations, the T-dependent changes can be interpreted as a reduction in Cr 3þ spectral intensity and an increase of Cr 4þ spectral intensity when increasing T since the Cr 4þ states alone contribute to the shoulder structure at a binding energy of about 5992 eV [ Fig. 4(b) ]. The T ¼ 250-K spectrum in Fig. 4(a) is dominated by the Cr 4þ , and this is confirmed by the calculated Cr 4þ spectrum shown in Fig. 4(b) . Compared to the 20-K spectrum, we estimate an increase in Cr 4þ at the expense of Cr 3þ content of about 4% and 8.5% at 150 K and 250 K, respectively. In contrast, the spectra change by less than 1% between 20 K and 80 K, which corresponds to the accuracy of estimating the valence change. The estimated average Cr valency as a function of T is shown in the inset to Fig. 4(a) . In addition, we have also carried out a very similar analysis for the Cr 2p HAXPES spectra (see Ref. [35] , Discussion 2) measured as a function of T, and we could obtain very consistent results with the Cr 1s HAXPES spectra, thereby validating the results. It is noted that the assignment of Cr 3þ and Cr 4þ -like features to dynamic fluctuations in the presence of a core hole, and its T dependence, are also consistent with the observations that the Cr 3d DOS do not show well-separated Cr 3þ and Cr 4þ -like features, and the absence of T-dependent changes over large energy scales [see Figs. 2(a) and 2(b) ].
D. Metal-insulator transition using laser photoemission spectroscopy
To confirm and quantify the gap formation across the MIT in K 2 Cr 8 O 16 , we carried out high-resolution laser PES measurements as a function of T. VB spectra were recorded in the temperature range 20-140 K and normalized for area under the curve, as presented in Fig. 5(a) . A broad feature centered at about 0.2-eV BE is observed. On close inspection of the low-energy-scale electronic structure in the vicinity of E F , we observe a clear Fermi edge at T ¼ 140 K (see inset), confirming the metallic nature of K 2 Cr 8 O 16 . Upon decreasing T, a systematic sharpening and shift of the leading edge is observed in the spectra [ Fig. 5(b) ], indicating depletion of electronic states at and close to E F . This clear signature of opening of the gap at E F confirms the low-T insulating nature of K 2 Cr 8 O 16 in accordance with resistivity measurements [9] .
In order to estimate the T dependence of the gap [GðTÞ], we extracted the changes in the DOS at and near E F by a symmetrization analysis of the normalized spectra of Fig. 5(b) . The results of such an analysis are presented in Fig. 5(c) . Evolution from a flat featureless behavior at 140 K (metallic phase) to a gap (or, more precisely, a pseudogap) at low T is clearly seen in Fig. 5 (c). The energy scale over which the spectral weight depletion occurs (in comparison to the 140-K spectrum) is taken as an estimate of the total gap [2GðTÞ] in the occupied and unoccupied density of states, and its variation with T is plotted in Fig. 5(d) . For comparison, we also carried out an analysis of dividing the normalized spectra with the resolutionconvoluted Fermi-Dirac function, and estimated the gap. While this procedure is valid up to 5k B T above E F [44] and gives an asymmetric gap, the symmetrization procedure is independent of temperature effects. The results of both the analyses are fairly consistent, as shown in Fig. 5(d) . We estimate an error bar of AE5 meV for each data point. The energy-scale of the gap is quite small [2GðT ¼ 20 KÞ ∼ 35 AE 5 meV], and it reflects the subtle changes occurring in the low-T electronic structure of K 2 Cr 8 O 16 . In the absence of any theoretical framework for describing a T-dependent FM-metal-to-FM-insulator transition, we compared the gap 2GðTÞ vs T plot with the well-known BCS-type gap behavior [23, 24] . A satisfactory match is obtained with the calculated 2Gð0Þ∼3.5ðk B T MI Þ∼30 meV, as seen in Fig. 5(d) . While more data points would have helped to make better agreement with the calculated curve, consistency of the present data with a BCS-type dependence of the gap suggests a second-order nature of the MIT in K 2 Cr 8 O 16 . This also links with the fact that an activation energy gap could not be extracted nor could any hysteresis be observed near 95 K in the resistivity measurements [9] . It is also consistent with the BCS-like T dependence of the weak superstructure observed in diffraction experiments [15, 16] . Furthermore, a close match of the gap magnitude with the BCS value using T MI confirms a weak-coupling gap formation in the presence of strong U.
Thus, the strong U sets up a low DOS at E F but does not affect the gap energy scale in K 2 Cr 8 O 16 . Our firstprinciples calculations, in combination with the experimentally obtained value of U, the T-dependent gap, and the known T-dependent superstructure [15] Fig. 4(b) . 
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i.e., the charge fluctuations involve ligand holes, as was recently discussed for the nickelates [45] . Thus, while the Mott-Peierls picture describes spectral weight changes over large energy scales (about 1-2 eV), as has been discussed for the MIT in VO 2 [18] [19] [20] 46] , and very recently, also for the MIT in related hollandites, K 2 V 8−x Ti x O 16 [47] , the present spectroscopy results with a low-energy-scale BCS-like T-dependent gap rule out a Mott-Peierls transition in K 2 Cr 8 O 16 , in contrast with such a proposition made in a very recent GGA þ U study [17] . Our results of K 2 Cr 8 O 16 are summarized in Fig. 6 : It is a strongly correlated charge-transfer FM halfmetal in the high-T phase, which undergoes a low-energyscale BCS-like T-dependent gap formation in the low-T FM-insulating phase.
A comparison with the typical Mott-Hubbard picture associated with a half-filled band is meaningful: The firstorder Mott-Hubbard transition results in an insulating phase with the lowest-energy excitation involving a U between the majority and minority spin states and is described by an excitation of the type 2d n → d n−1 þd nþ1 . Thus, the Mott-Hubbard transition naturally leads to an antiferromagnetic-insulating ground state. For the MottPeierls transition, the first-order structural distortion gets coupled to the formation of a nonmagnetic singlet state but still involves U as the lowest-energy excitation [18] [19] [20] . For the present case of a nonintegral occupancy (2.25 d-electrons=Cr) and the half-metallic ferromagnetism in the t 2g up-spin band, the U helps in defining the half-metallic ferromagnetism but also sets up a pseudogap in the t 2g upspin band. The pseudogap then undergoes a gradual gapping due to the structural distortion, but the lowestenergy excitation is within the t 2g up-spin band; hence, the ferromagnetism effectively favors a regular second-order Peierls transition.
IV. CONCLUSIONS
In conclusion, we have carried out electronic structure studies of K 2 Cr 8 O 16 across the sequential paramagneticmetal-to-FM-metal and FM-metal-to-FM-insulating transitions. Res-PES across Cr 2p − 3d threshold indicates the presence of strong electron correlations (U ∼ 4.2 eV). First-principles GGA þ U and HF þ U calculations show that a combination of large U and small structural distortions are responsible for driving K 2 Cr 8 O 16 insulating while maintaining FM order. Core-level spectra indicate clear T-dependent evolution of dynamic valence fluctuations at high temperatures, which get pinned in the lowtemperature Peierls phase of K 2 Cr 8 O 16 to the nominal valence of Cr þ3.75 . The laser-PES spectra near E F show systematic depletion in the DOS on lowering the temperature below T MI , and this yields a small gap (about 35 meV at 20 K), consistent with a weak-coupling BCS-like behavior with 2Gð0Þ ∼ 3.5k B T MI .
